Abstract: Nano-crystalline (nc) polymer-ZnO composite material has been successfully synthesized by treating styrene-maleic anhydride (SMA) and its graft copolymers with acrylic acid, (AAc), and acrylamide, (AAm), synthesized by chemical method with different wt% ratios of nZnO (40 nm), prepared indigenously in our laboratory, to yield polymer-ZnO nano-composite material. Characterization of SMA, grafted SMA, nc-SMA-ZnO, nc-grafted SMA-ZnO composites was carried out by X-ray diffraction and thermo-gravimetric analysis. Both the studies show an interesting correlation between X-ray and thermal data. XRD pattern of SMA copolymer shows it to be amorphous, while SMA-g-poly(AAc) and SMA-gpoly(AAm) graft copolymers show crystalline orthorhombic structure having (102) orientation with particle size of nano dimensions (44 and 40 nm respectively). Addition of nZnO to nc-SMA-g-poly(AAc) and nc-SMA-g-poly(AAm) shows appreciation in the crystalline behavior with increased intensity of the peaks in the XRD patterns. Thermo-gravimetric analysis (TGA) of SMA shows single stage decomposition with regular loss of weight while nc-SMA-g-poly(AAc) and nc-SMAg-poly(AAm) graft copolymers respectively show an abrupt weight loss up to 25% and 45% at 121.37 0 C and thereafter proceeds with regular decomposition. However, the corresponding composite of SMA with nZnO (10 wt%) shows an abrupt weight loss of 50% similar to grafted SMA while the ZnO embedded composites of AAc and AAm grafted SMA lose 95% of the weight abruptly at the same temperature i.e.121.37 0 C. The increased abrupt loss in nZnO-SMA and nZnO-nc-SMA grafted composite is correlated to the increased crystallinity upon addition of nZnO particles to the polymer system. Because of the spontaneous thermal decomposition and release of large amount of heat energy, the newly synthesized nano-composite polymer material can find use as high energy material.
Introduction
In recent years, polymer/inorganic hybrids (nano-composites), due to their remarkable improvement in mechanical, thermal, electrical, and magnetic properties as compared to pure polymers have attracted great interest from researchers and the industrial world. The polymer/inorganic hybrids combine the merits of polymer and inorganic nano-particles, and therefore have potential applications in diverse areas such as chemistry, physics, electronics, optics, material science, and biomedical science [1] [2] [3] [4] [5] [6] . Over the last few decades, a wide variety of materials with different synthetic approaches have been developed that allow molecular-level control over the design and structure of nano-composite materials. A general technique for the preparation of organo-tailored hectorite smectite clay minerals (OTCs) via in situ hydrothermal crystallization under atmospheric pressure has been published [7] .
UHMWPE-layered silicate nano-composites have been synthesized by in situ polymerization using tris(pyrazolyl)borate titanium clay catalyst [8] . More recently, special attention has been devoted to in situ intercalative polymerization method, frequently referred to as 'Polymerization Filling' in which the monomer along with the initiator are intercalated with silicate layers and the polymerization is carried out either thermally or chemically [9] .
Jui Hung Chen et al. [10] have synthesized and characterized ZnO/polystyrene composite particles by pickering emulsion polymerization. They studied the morphology and pH adjusting test of the composite using radical initiators such as azo(bis)butyronitrile (ABIN) and potassium persulphate (KPS). Khrenov et al. [11] synthesized ZnO nano-particles and prepared polymer nano-composites (PMMAZnO, PP-ZnO and PS-ZnO). Polymer-ZnO composites such as HDPE-ZnO, LLDPEZnO and PP-ZnO have also been synthesized by Cho and coworkers [12] . Polypropylene-ZnO composites, synthesized by Chandramouleeswaran et al. [13] , were stabilized by the addition of soluble starch and were characterized with respect to optical, mechanical, electrical and rheological properties. Optical properties of gold-PMMA composites, prepared by the reduction of HAuCl 4 with NaBH 4 in the presence of PMMA, have been studied by Srivastava and coworkers [14] . Series of transparent ZnO-polymer composite films with good thermal stability were prepared by incorporating colloidal ZnO particles into a monomer mixture of urethanemethacrylate oligomer and 2-hydroxy methacrylate followed by UV radiation initiated polymerization [15] . Mishra et al. [16] studied the effect of nano CaCO 3 on thermal and mechanical properties of styrene-butadiene rubber (SBR) and compared with those of commercial CaCO 3 filled SBR. Poly (aniline) -TiO 2 composite nano-fibers have recently been synthesized and their conductive measurements were carried out by Bitao et al. [17] .
Synthesis of polystyrene-polytetrahydrofuran block copolymer-montomorillonite (MMT) nano-composite, poly(Sty-b-THF) /MMT, was carried out by mechanistic transformation of poly(Sty-b-THF) block copolymer on the surface of intercalated and exfoliated silicate(clay) layer. Thermo gravimetric studieds showed that the nanocomposite has enhanced thermal stability compared to that of the virgin polymer [18] . Literature survey thus reveals that the synthesis of nano-composites involving polymer with different nano-particles have been prepared that have better mechanical and thermal properties. Simple polymers such as PE, PP, PMMA etc. and block copolymers have been used for such composites. However, use of graft copolymer for synthesis of nano-composite has not been reported. SMA copolymer is a well known commercialized polymer with diverse applications [19, 20] . Because of the presence of aromatic and anhydride functionalities, the molecular and segmental structures of SMA can be modified easily with respect to degree of hydrophilicity and other properties by adjusting styrene-maleic ratio or by grafting.
Synthesis of SMA copolymers [21] as well as grafting of acrylonitrile onto SMA by chemical method [22] has been reported. In this manuscript we, therefore, report on the synthesis SMA copolymer and SMA graft copolymers with AAc and AAm and their nano-composites with nZnO, synthesized in our laboratory.
All the components i.e. ZnO, SMA-g-poly (AAc) and SMA-g-poly (AAm) and their respective composites with ZnO have been characterized by IR, XRD and TGA methods.
Results and Discussion
Copolymerization of styrene and maleic anhydride is a well known reaction and gives a copolymer with alternate monomer units of styrene and maleic anhydride. In the present study copolymerization of the monomer has been carried out using benzoyl peroxide as a free radical initiator. The mechanism of the reaction is as follows: 
Copolymer Formation

SMA Copolymer
Graft Copolymer Formation
Phenyl radical from benzoyl peroxide generates active sites on the copolymer and also initiates the monomer. The reaction between the polymer growing radical and the active site on the copolymer gives the graft copolymer.
Formation of the Composite
Ph nZnO, copolymer, SMA, grafted SMA and their respective nano-composites have been characterized by FTIR, XRD and TGA methods. nZnO and its nano-composite with SMA has also been characterized by transmission electron microscopy.
FTIR Studies
IR spectrum of ZnO showing characteristic bands in the region from 680 cm -1 to 300 cm -1 not only characterizes but also confirms of the shape of the ZnO particles. The spectrum is generally influenced by the particle size and morphology, the degree of particle's aggregation, or the crystal structure of the ZnO. Verges et al. [17, 18] have shown that for spherical ZnO particles, the IR band was obtained at 458 cm -1 which splits into two bands with the change in the shape of the particles. In the present case, a single sharp peak at 441.7 cm -1 , characteristic of Zn-O mode, with no additional broad band at 3400 cm -1 due to free -OH groups on the surface of the ZnO nan-oparticles was observed in the FTIR spectrum. Thus, from the IR data and the related references, it is inferred that in the present case ZnO particles are spherical in nature.
In the IR spectrum of pure SMA, (Fig.1a) , bands at 3415.8 cm -1 due to associated -OH group, 1850 cm -1 and 1778.1 cm -1 due to >C=O of anhydride group were observed in addition to the bands due to aromatic ring of styrene at 1627.4, 1494.7 and 1452.3 cm -1 (υ C=C stretching and deformation respectively). In case of nc SMAZnO (10 wt %) composite, FTIR (Fig.1b) shows a decrease in the intensity of bands due to anhydride peaks appearing at 1847.4 and 1777.8 cm -1 and a broad band at 3406cm -1 (associated -OH groups), while an increase in the intensity of bands due to >C=O group at 1715 cm -1 and appearance of a new band at 449.4 cm -1 due to Zn-O bond confirms the formation of nano-composite indicating enhanced adhesion and compatibility between nano-ZnO and the molecular chains of SMA.
In the IR spectra (Figs. 2 and 3) respectively of acrylic acid and acrylamide grafted SMA copolymers, the peaks due to >C=O of anhydride group and the >C=O of the grafted acrylic acid and amide bands of -CONH 2 groups of acrylamide appears as a combined broad peak at 1718 cm −1 . The peak at 3442 cm −1 due to associated hydroxyl groups /NH 2 group of the acid /amide moieties was also observed. It is interesting to note that as the concentration of nZnO in wt. percent increases, the intensity of the broad band in the region 3415-3406 cm −1 goes on decreasing and in 10 wt% of nZnO complete absence of this band is observed thereby substantiating the formation of the bond between -COOH groups (both from SMA and grafted poly(AAc/ poly(AAm) chains) and nZnO, as depicted in the mechanism (Structure II). Such an association leads to further increasing the crystallinity of the composite. Similar interaction of ZnO particles with pendent carboxylic groups of poly(methyl methacrylate) (after hydrolysis during the process) has been discussed by Xi-Wen Du et al. [25] .
The formation of such a structure is further substantiated from the observation that the peak due to Zn-O bond stretching obtained at 447 cm −1 shifts to 543 cm −1 in the composite. This shift is explained by reasoning that the encapsulation of nZnO by polymer does not allow free vibrations of the bond and hence high energy is required for stretching and bending of Zn-O bond and hence shift to a higher wave number is observed.
An overlapping spectra of the polymeric material and the composite material (Figs. 2 and 3) further indicates that the overall structure of the polymeric material i.e. SMA and the grafted SMA does not change with the addition of nZnO, except for a change in the broad peak in the region 3405 cm −1 , as discussed above, with increasing concentration of ZnO. 
TEM Studies
TEM studies of nZno and its nano-composite with SMA substantiates the findings from the IR spectral data. A single peak of ZnO indicating spherical shape of the nano-particles with a size of ~40 nm is clearly observed in the TEM (Fig. 4 a) . The encapsulation of the nZnO particles within the copolymer matrix through the interactions with the pendent groups can also be visualized in the TEM of nc-SMAZnO (10 wt%) composite (Fig. 4 b) . Fig. 4 . TEM of (a) nZnO particles and (b) SMA-nZnO (10 wt%) nano-composite.
X-ray Diffraction Studies
X-ray diffraction pattern of SMA and its composite with varying wt% of ZnO, SMA-gpoly(AAc), SMA-g-poly(AAm) are presented in Figs. 5, 6 and 7 respectively. Fig. 8 represents the XRD pattern of grafted SMA-ZnO nano-composite along with the XRD of pure nZnO.
The broad peaks at 12 0 and 21 0 on the 2θ scale with 1500 counts on the abscissa indicate that the copolymer, SMA, is an amorphous material (Fig. 5a ). Grafting of acrylic acid and acrylamide onto SMA, on the other hand, changes the character of SMA from amorphous to crystalline material. Sharp peaks were observed at 21 0 and 27 0 positions with increased intensity (3000 counts) for both acrylic acid and acrylamide grafted SMA. The increase in the crystallinity upon grafting is explained on the basis that during grafting the growing polymeric chains get chemically bound to the pre-formed polymer, SMA, in this case. The polymer which is amorphous now has the grafted polymer chains as branches that are more fixed and arranged and hence give sharp peaks with enhanced intensity of the peaks.
Calculation of the particle size applying Scherrer equation shows the grafted material to be nano-crystalline with a particle size of 44 nm and 40 nm respectively. Scherrer equation, to find the crystallite size from the XRD curve, has also been used by Kim et al. [26] while studying the thermal decomposition of native cellulose.
The XRD of nZnO shows sharp peaks between 31 0 -36 0 at 2θ values with intensity higher than 15,000 counts showing highly crystalline structure. Particle size (40 nm) calculated from the Scherrer equation was found to be the same as observed from TEM studies. On the other hand, XRD of the nZnO embedded grafted SMA shows very sharp peaks with high intensity (more than 10,000 counts) evincing increase in the crystallinity (Fig. 6 ). The addition of nZnO has a synergistic effect on the crystallinity of the nc-grafted SMA copolymer. This is due to the reason that the nZnO particles get encapsulated in the grafted chains (TEM, Fig. 4b ) through the interactions of the particles with the pendent functional groups of the grafted chains (shown below) that further makes the composite more packed and arranged thereby increasing the crystallinity and the intensity of the peaks.
The peaks due to nZnO particles could not be detected in the XRD because of the low ratio of nZnO to polymer. However, on zooming the area of nZnO region (between 31 0 -36 0 ), sharp peaks due to nZnO could be observed overlapping the original peaks of nZnO (inset, Fig. 8 ) but with a shift towards a lower angle. This shift is attributed to the strain experienced by the nZnO particles after the encapsulation by the pendent groups of the polymeric material.
The particle size of the composite was found to be the same as that of the grafted SMA and nZnO particles, i.e. 40 nm (determined from the Scherrer equation). Also the structure of the grafted SMA and their composites with nZnO were found to be orthorhombic with (102) orientations as determined from the XRD data.
Encapsulation of nZnO particles between the grafted polymeric chains 
Thermogravimetric Analysis
The respective thermograms of SMA, nc-SMA-g-poly(AAc) , nc-SMA-g-poly(AAm) and their corresponding composites with nZnO are presented in Figs. 9, 10 and 11. Initial decomposition temperature (IDT), final decomposition temperature (FDT) and decomposition temperature (DT) at every 10% wt. loss of respective samples are presented in Table 1 .
It is observed from the primary thermogram of SMA (Fig.9, curve (a) ) that the initial decomposition of SMA begins at 274.3 0 C after losing about 10-15 wt% due to the water desorption. Thereafter, the decomposition continues slowly up to 40% wt. loss, with temperature difference between each 10% wt. loss lying between 24 0 C and 140 0 C. The rate of decomposition increases with lowering down of temperature difference to 9.8 0 C between 60-70% wt. loss which again increases to 31 0 C between 80-90% wt. loss. Final decomposition begins beyond 90% wt. loss at 445 0 C which continues till 600 0 C leaving 3% of the residue. Perusal of thermograms and thermal data of AAc and AAm grafted SMA shows a very different decomposition behavior. nc-SMA-g-poly (AAc) decomposes with an abrupt wt. loss of 42% at 121.37 0 C beyond which it become stable and the decomposition proceeding with a slow rate as indicated by a large temperature difference between each 10% wt. loss. Final decomposition begins at 464.2 0 C beyond it continues leaving behind 4.3% residue.
Similar behavior was observed for acrylamide grafted SMA. The abrupt wt. loss occurs at the same temperature (121.37 0 C) but is lower (28%) than that of AAc grafted SMA. The decomposition thereafter goes slowly with large temperature difference between each 10 %wt. loss. Final decomposition begins at a higher temperature (486.3 0 C) than AAc grafted SMA and continues up to 615.3 0 C leaving higher percent residue (8%).
Addition of nZnO to SMA and grafted SMA to yield respective composites, changes the thermal behavior of both the SMA copolymer and the grafted SMA copolymers. Addition of nZnO (10 wt%) particles to SMA copolymer shifts the decomposition comparable to nc-SMA-g-poly (AAc) where an abrupt wt. loss (~48%), little higher than SMA-g-poly(AAc) (42%), was observed at the same temperature (121.37 0 C). However, lower wt% (2 & 5) of nZnO to SMA showed decomposition pattern similar to the virgin SMA copolymer but with higher DT values for every 10% wt. loss indicating that the addition of nZnO to the copolymer increases thermal stability of the composites. In the case of nc-SMA-g-poly(AAc)-nZnO and nc-SMA-g-poly(AAm)-nZnO composites, a gain of about 7 wt% before decomposition was observed at 121.37 0 C and then decomposed with an abrupt wt. loss up to 95% at 121.37 0 C. As observed in the case of SMA that the addition of nZnO particles has increased the thermal stability of the copolymer and when added in higher amount the thermal behavior is similar to that of the grafted SMA copolymer, the addition of nZnO particles to the graft copolymer further has synergistic effect to the thermal behavior of the graft copolymer. The different decomposition patterns of the composites of SMA and the grafted SMA with nZnO showing an abrupt weight loss at the same temperature can be related to the reason that due to the arranged structure there exists inter and intra molecular interactions between the pendent groups and nZnO particles that lead to better crystallinity of the composite material. Chemical reactivity of the colloids is known to strongly dependent on both the crystallite size and the concentration of the microstrains and it has been observed for the lithium-titanate that temperature increases with increasing crystallite size [27] . Enhancement of the thermal stability of syndiotactic polystyrene was observed with the addition of Pd nano particles due to the hindrance posed by the Pd nano particles to the mobility of the polymer chains [28] .
In a separate experiment, TGA of nc-SMA-g-poly (AAc)-ZnO with 20 wt% and 50 wt% ZnO was carried out and it was observed that the percentage of abrupt loss of weight decreased and the decomposition continued in a regular manner leaving higher percentage of the residue. These observations further corroborate that the optimum concentration of the nano-particles is required that is well encapsulated in the polymer matrix and thus, is effective in improving the properties of the polymer. The excess amount, on one hand, disturbs the original structural orientations of the polymer and therefore, affects the inherent properties.
From the foregoing thermal analysis/behavior of the SMA copolymer, grafted SMA copolymer and their respective composites with nZnO, it is observed that as the addition of nZnO improves the crystallinity (XRD studies) of the respective polymeric material, it also affects the thermal behavior. Thus, it can be evinced that there exists a correlation between crystallinity and thermal behavior of the polymers. 
Conclusions
Polymer/inorganic hybrids (nano-composites) from styrene-maleic anhydride copolymer and acrylic acid and acrylamide grafted styrene-maleic anhydride copolymers and spherical ZnO nano particles have been successfully synthesized.
Encapsulation of nZnO by SMA grafts through polar interactions between the carboxylate endings of maleic anhydride, grafted acrylic acid and through amide endings of grafted acrylamide results in the immobilization of the copolymer leading to increased crystallinity than in the absence of nZnO. The abrupt percent wt. loss of SMA-ZnO nano-composite similar to nc-SMA-g-poly (AAc) also indicates towards similar encapsulation of nZnO by SMA copolymer.
The decrease in the intensity of the band appearing at 3405 cm −1 with the increasing percentage addition of nZnO and finally the disappearance of the broad band with 10 wt% ratio of nZnO also indicates an interaction of ZnO between the functional endings of the copolymer responsible for the broad band in the IR spectra.
It is, thus, evident that the thermal behavior and crystallinity of the nano-composite material go parallel to each other. As crystallinity increases, thermal decomposition is spontaneous releasing of large amount of heat energy. The nano-composite polymer material can thus find use as high energy material. moles) were dissolved in toluene (20-60 ml) in a three necked round bottom flask equipped with a reflux condenser, stirrer and a nitrogen gas inlet system. To it petroleum ether (3-7 ml) and BPO (6.19 x 10 −4 -14.45 x 10 −4 moles) were added and the reaction mixture was stirred at a constant temperature for different time periods (60-150 min). After the stipulated time period, styrene -maleic anhydride copolymer (I) was recovered from the reaction mixture by filtration as white precipitates. The copolymer was washed repeatedly with toluene followed by washings with benzene and CCl 4 to remove free polystyrene and unreacted maleic anhydride. The product was dried in vacuum oven at 60 0 C for 14h. 
Experimental
Materials and Methods
Synthesis of SMA-ZnO composite
SMA (0.200 g) was added to three necked round bottomed flask containing distilled water (20 ml). To this was added a known amount of nZnO and 2-3 drops of concentrated HCl. The reaction mixture was stirred at 60 0 C for 150 min. Thereafter, the composite was filtered and dried in oven at 60 o C for 10 h. Composites of different weight percent ratios (2 wt%, 5 wt%, 10 wt% and 20 wt% nZnO to SMA) were prepared.
Synthesis of nc-SMA-g-poly (AAc)-ZnO and nc-SMA-g-poly(AAm)-ZnO composites
The synthesis of the polymer-nano-composites was carried out by reacting nZnO particles with SMA copolymer and SMA graft copolymers in water under stirring. The nano-composite from the grafted SMA was carried out either by taking the grafted SMA or carrying out in situ polymerization of acrylic acid / acrylamide in the presence of SMA copolymer and nZnO. The composite by either method gave same properties. In the present work the composite material was prepared by in situ polymerization method.
A three necked round bottom flask (250 ml) was charged with SMA-ZnO (0.200g), BPO (0.826x10 −4 moles), and acrylic acid (14.56x10 −3 moles) / acrylamide (2.81x10 −3 moles) and deionized water (20 ml). The reaction mixture was stirred at 60 0 C for 180 min., filtered and dried in vacuum oven at 40 0 C for 14 h.
Characterization
The copolymer, SMA, the graft copolymers, SMA-g-poly (AAc), SMA-g-poly(AAm) and their respective nano-composite with ZnO were characterized by FTIR, TGA and XRD methods.
The FTIR spectra of the composite materials were recorded on Nicolet Avtar-5700 model by scanning in the range of 4000-200 cm −1 using KBr pellets. X-ray diffraction patterns were taken on a XPERT-PRO instrument with Cu Ka radiation (40 mA, 45 kV) with wavelength 1.54060 Angstrom in the 2θ scan range of 5.0084 to 69.9824 (step size 0.017). The thermal decomposition behavior was studied by thermo gravimetric analysis (TGA) using Shimadzu DTG-60H instrument, operating in air or nitrogen environment under 50 cm 3 min −1 gas flow using platinum crucibles containing 5-7 mg of sample. The run was carried out in dynamic conditions at the constant heating rate of 20 0 C min −1 .
The transmission electron microscopy (TEM) analysis of the samples was carried out on Hitachi H-7500 model.
